Purpose To investigate whether treatment (surgery, radiation therapy, and endocrine therapy) contributes to racial disparities in outcomes of ductal carcinoma in situ (DCIS).
Introduction
The incidence of ductal carcinoma in situ (DCIS) has increased greatly over the last 30 years, mostly due to increased awareness and use of screening mammography [1] . Treatment options for DCIS include mastectomy alone and breast-conserving surgery (BCS) with or without radiation or endocrine therapy [2] . Endocrine therapies recommended by the American Society of Clinical Oncology for reduction of invasive breast cancer risk include selective estrogen receptor (ER) modulators (e.g., tamoxifen) and aromatase inhibitors (e.g., exemestane). Only tamoxifen is approved by the Food and Drug Administration (FDA) for prevention of invasive breast cancer after DCIS [3] . With treatment, less than 2 % of women with DCIS will die from breast cancer in the The abstract and some data from this manuscript were presented at poster sessions at the 2016 ACTS Translational Science Meeting and the 2016 Siteman Cancer Center Breast Cancer Forum. decade after diagnosis [4] . However, the presence of DCIS reflects increased risk for invasive breast cancer, as 11-19 % of women with DCIS develop a second breast cancer within 10 years of diagnosis [5, 6] , with similar rates 10 or more years after diagnosis [7] .
Recent studies showed that the risk of developing a second breast tumor after DCIS varies by race [8] [9] [10] [11] [12] . Compared with White women, Black women are far more likely to develop additional breast tumors after DCIS. Racial differences in risk of second breast tumors are not completely explained by pathological features, surgical approach, and utilization of radiation therapy [8, 12] . Several population-based studies have consistently reported that Black women with invasive breast cancer are less likely than White women with invasive breast cancer to start or complete adjuvant therapy [13] [14] [15] [16] [17] . However, analyses of DCIS treatment by race were largely conducted in hospital-based studies [18] [19] [20] [21] [22] [23] , with the majority showing comparable odds of surgical treatment and adjuvant therapy use. It remains unclear if endocrine therapy and surgical margins, two factors that affect recurrence risk [3, 9, 24] , contribute to racial disparities in second breast tumor risk after DCIS. In this study, we quantified raceassociated differences in DCIS treatment and disparities in the risk of second breast tumors using the population-based resources of the Missouri Cancer Registry (MCR).
Patients and methods

Data source
De-identified MCR data were used in this study. Since 1995, the MCR has been a member of the National Program of Cancer Registries (NPCRs) and compliant with its data collection and coding rules. To determine case reportability, the MCR follows the rules of the Surveillance, Epidemiology, and End Results (SEERs) program of the National Cancer Institute. The MCR periodically conducts case completeness and data quality audits as required by the NPCR. Due to the accuracy and completeness of data elements, the MCR has been certified by the North American Association of Central Cancer Registries since 2001 (for 1998 data). The MCR includes more than 95 % of all incident cases of cancer in Missouri. Similar to the SEER program, the MCR collects demographic, tumor, and primary treatment information. If multiple surgical procedures are conducted on a primary site for a given case, the most invasive surgical procedure is recorded for that primary site. In addition, the MCR database has information on start dates of surgical treatment and adjuvant therapies and surgical margin status. Dates of treatment were available for over 90 % of cases. The Institutional Review Boards of the Missouri Department of Health and Senior Services and Washington University in St. Louis reviewed the study protocol and determined it to be exempt.
Patients
We identified all women who were diagnosed with first primary DCIS between January 1996 and October 2011 and were followed through 31 December 2011 (n = 10,589). We excluded women who were followed for less than 2 months or had an indeterminate follow-up period (n = 878) and those who had bilateral DCIS and/or bilateral mastectomy (n = 355). As non-Hispanic White and Black women were 99 % of eligible cases, we also excluded women of other races, unknown race, or Hispanic ethnicity (n = 218) from the study. We divided patients by race into mutually exclusive categories of non-Hispanic White (White) and non-Hispanic Black (Black). Thus, the analytic sample consisted of 9138 women. Figure 1 shows the exclusion criteria and sample size for the analyses of DCIS treatment and outcomes.
Treatment
We used information on surgical treatment and adjuvant therapy that were given during the first course of treatment. Treatment specifically for tumor progression or recurrence was coded as subsequent treatment in the MCR and was not included in the analysis. We defined BCS as partial mastectomy with or without nipple resection, segmental mastectomy, lumpectomy, excisional biopsy, or local tumor destruction not otherwise specified. We defined mastectomy as all codes including the words ''total mastectomy'' or ''radical mastectomy,'' excluding codes with the words ''bilateral'' or ''contralateral.'' Based on the findings of Huang et al. [25] , we defined radiation delay as an interval of 8 weeks or longer between BCS and the start of radiation therapy. Radiation therapy use was categorized as timely initiation, delayed initiation, and underutilization (no radiation). Aromatase inhibitors have been used for DCIS in a small number of women [18] , although it has not been approved by the FDA. Thus, both tamoxifen and aromatase inhibitors were included in the analysis of endocrine therapy for DCIS.
Outcomes
We defined a second breast tumor as an ipsilateral breast tumor (IBT) or contralateral breast tumor (CBT) diagnosed at least two months after the first DCIS. IBTs were defined as any histological type of carcinoma in situ or invasive cancer in the ipsilateral breast and CBTs were defined as any histological type of carcinoma in situ or invasive cancer in the contralateral breast. We calculated personmonths from 2 months after the first DCIS until the first of the following dates occurred: date of second breast tumors, death, last follow-up, or 31 December 2011.
Statistical analysis
We compared baseline characteristics between two racial groups using independent samples t tests for continuous variables and v 2 tests for categorical variables. We conducted logistic regression analyses to estimate the odds ratios (ORs) of utilization of surgery (BCS, mastectomy, or no surgical treatment), adjuvant radiation (timely initiation, delayed initiation, or no radiation), and endocrine therapy. When evaluating surgery utilization we adjusted for age (\50, 50-\59, 60-69, or C70), year of diagnosis (1996-1999, 2000-2004, 2005-2009, or 2010-2011) , health insurance (private, Medicare, Medicaid/uninsured, or other/unknown), marital status (married/partnered, nonmarried, or unknown), tumor grade (well differentiated, moderately differentiated, poorly differentiated, or unknown), tumor size (\2 cm, C2 cm, or unknown), histology (comedo, papillary, cribriform, solid, or NOS), and ER status (positive, negative, or unknown). The analysis of radiation utilization was restricted to women who had undergone definitive BCS and adjusted for surgical margins (clear, positive, or unknown) in addition to the aforementioned covariates. Women who had ER ? DCIS or did not receive radiation following BCS were included in the analysis of endocrine therapy, which is consistent with the National Comprehensive Cancer Network (NCCN) guidelines for endocrine therapy for DCIS [2] . The analysis of endocrine therapy was further adjusted for surgery (no surgical treatment, BCS, mastectomy, or unknown) and radiation therapy (yes, no, or unknown).
We restricted the analysis of IBTs to women with BCS or no surgical treatment. We included all patients, regardless of surgical category, in the analysis of CBTs. To compare race-associated 10-year probabilities of IBTs and CBTs, we utilized Kaplan-Meier estimates and the logrank test. To compare risks of IBTs and CBTs by race, we performed Cox proportional hazards regression analyses to estimate the hazard ratios (HRs) of IBTs and CBTs. We calculated Schoenfield residuals to confirm the proportional hazards assumption. Cox proportional hazards regression models were adjusted for age and year of diagnosis, with additional variables added in the following order: insurance type, tumor characteristics (grade, size, histology, ER status), and treatment characteristics (surgery, surgical margin, radiation, endocrine therapy). We categorized these covariates as above. All analyses were performed using SAS (version 9.4; SAS Institute, Cary, NC). Statistical significance was assessed as two-sided P \ 0.05. 
Results
60). Among women with ER
? DCIS and women who did not receive radiation therapy following BCS, we did not observe a significant difference in guideline-concordant use of endocrine therapy between racial groups (OR 1.19; 95 % CI 0.94-1.51) after adjustment for demographic and clinical factors. There was no significant racial difference in the odds of underutilization of radiation therapy following definitive BCS (OR 1.14; 95 % CI 0.92-1.42). However, Black women had higher odds of experiencing an 8-week or longer delay between BCS and radiation (OR 1.92; 95 % CI 1.55-2.37). Weeks from surgery to radiation, mean (SD) 
Outcomes
Among 6220 women who had BCS or no surgery, 196 women (3.1 %) developed subsequent IBTs during the 72-month follow-up. Of these, 60 (30.6 %) were carcinoma in situ and 136 (69.4 %) were invasive cancer. Racespecific 10-year cumulative incidence rates are shown in Fig. 2 for IBTs and CBTs. Black women had a greater 10-year cumulative incidence of IBTs than White women (6.9 vs. 4.7 %, P = 0.001). Among the entire cohort (n = 9138, regardless of type of surgery), 326 women (3.6 %) had CBTs during the 76-month follow-up, of which 100 (30.7 %) were carcinoma in situ and 226 (69.4 %) were invasive cancer. As with IBTs, Black women had a greater cumulative incidence of CBTs than White women, with a 10-year rate of 6.8 % in Black versus 4.8 % in White women (P = 0.27). Table 3 shows the adjusted HRs for IBTs and CBTs. Black women had a significantly higher risk of IBTs after adjusting for age and year of diagnosis (HR 1.81; 95 % CI 1.23-2.67). Further adjustment for insurance type, tumor characteristics, and treatment did not meaningfully attenuate the HR (HR 1.69; 95 % CI 1.15-2.50). Black women also had a higher risk of CBTs, but this difference was not statistically significant (HR 1.20; 95 % CI 0.85-1.69) after adjusting for age and year of diagnosis. Addition of 
Discussion
Using a large, statewide cancer registry, we observed significant differences in the timing of initiation of radiation therapy following BCS and the risk of developing second primary breast tumors between non-Hispanic Black and non-Hispanic White women with DCIS. There was no significant racial difference in the odds of guideline-concordant use of endocrine therapy. Both groups had the same rates of radiation therapy following BCS, but Black women were much more likely to initiate radiation therapy eight or more weeks after BCS. Although Black women were less likely than White women to undergo surgical treatment, the absolute difference was too small to be clinically relevant. Black women had a higher risk of developing IBTs, and the difference in risk was not completely attributable to demographic and tumor characteristics, insurance type, and treatment received. Although Black women also had a higher risk of CBTs, the difference was not statistically significant. The NCCN guidelines recommend 5 years of tamoxifen for women with ER ? DCIS, as well as women with DCIS who do not receive radiation therapy following BCS [2] . The guidelines-concordant use of endocrine therapy was observed in 36.4 % of White women and 42.5 % of Black women in our study. The difference was not statistically significant after adjustment for covariates. In a contemporary cohort of women with DCIS identified from the National Cancer Database (n = 206,255), only 45 % of women with ER ? tumors and 21.6 % of women with BCS alone received adjuvant endocrine therapy [19] . The likelihood of endocrine therapy use was significantly higher for Black women in that study (OR 1.04; 95 % CI 1.00-1.07; P = 0.03); however, the absolute difference was only 3.3 %. A survey of women with DCIS identified from the California Cancer Registry revealed that 23 % of endocrine therapy users reported discontinuation by a median of 11 months [26] . Among women with invasive breast cancer, Hershman et al. [27] observed that Black women were less likely to be adherent to endocrine therapy in comparison to White women. This association may also exist in women with DCIS though data are lacking. If this is the case, the population of Black women starting endocrine therapy may not experience the same degree of benefit as White women starting endocrine therapy. Due to the lack of detailed pharmacy records in the MCR, we could not assess potential differences in adherence and persistence to endocrine therapy between Black and White patients with DCIS.
This study may be the first to identify an increased risk of delayed radiation therapy after BCS in Black women with DCIS. Black women in this population-based cohort were more likely to have positive surgical margins, which may have led to additional surgeries and delayed radiation. However, the difference in risk of radiation delay persisted after adjustment for insurance status and surgical margins. Also, it may be more difficult for uninsured or underinsured women to start radiation therapy in a timely manner. There has been limited study on access to radiation therapy in Missouri, but underinsured and uninsured women throughout the state may be facing barriers to timely radiation initiation, especially if they are diagnosed at facilities without on-site radiation oncologists. The clinical relevance of the observed difference in timely initiation of radiation therapy following BCS between Black and White women with DCIS remains unknown. Among women with invasive breast cancer, receipt of radiation therapy eight or more weeks after BCS has been associated with increased risk of local recurrence compared with receipt of radiation therapy within 8 weeks of BCS [17, 25] . Using the MCR data, we found that the risk of IBTs was increased by 26 % (HR 1.26; 95 % CI 1.00-1.59; P = 0.049) in women with DCIS who received radiation therapy eight or more weeks after BCS compared with those who received radiation therapy within 8 weeks of BCS [28] . Due to limited power, this preliminary result needs to be confirmed.
Even after adjusting for age, insurance, tumor characteristics, and treatment received, the elevated risk of IBTs in Black women persisted in our study. None of these variables significantly reduced the association between race and IBT risk. The observed racial difference in IBT risk after DCIS is in agreement with some, although not all, population-based studies [8] [9] [10] [11] 29] . In a study of the 1992-1999 SEER data, Smith et al. [29] reported that the risk of IBTs was increased by 39 % for Black women compared with White women, but the difference was not statistically significant. In that study, 3409 older women (aged 66 or older) were included and only 270 were Black. Our recent analysis of the 1988-2009 SEER data included more than 100,000 women (aged 20-84), of which almost 10,000 were Black [8] . We observed that the risk of IBTs was significantly increased by 46 % for Black women, which was not attributable to surgical approach, radiation therapy, and pathological features. The contributions of endocrine therapy and surgical margin status to the observed racial difference in IBT risk were not assessed in that study due to lack of relevant data. More detailed information on treatment is available in the MCR. Adjustment for surgical margins and endocrine therapy did not significantly reduce the association between Black race and IBT risk among women with DCIS in the MCR.
We did not find a significant association between race and CBT risk in the current study. However, multiple population-based studies, including SEER-based studies, found that Black women had higher risk of both ipsilateral and contralateral tumors than White women [8, 10, 11] . It remains unclear if the observed racial difference in CBT risk reflects underutilization of endocrine therapy in Black women. We did not observe a significant difference in endocrine therapy use between Black and White women in Missouri that is not covered by the SEER program. This might explain, at least in part, the comparable risk of CBTs between the two racial groups in Missouri. There may also be differences in access to care in Missouri that mitigate the association between Black race and CBTs after primary DCIS. Future studies should continue to explore the relationship between race, mammography use, treatment regimens, and CBT risk. This is the first population-based study to examine DCIS treatment and outcome disparities in the Midwest. Unlike previous population-based studies, it included data on endocrine therapy initiation and surgical margins. However, this study had some limitations. Our sample size was not sufficiently large to compare survival outcomes or detect potential differences in patterns of invasive breast cancer recurrences versus DCIS recurrences. Similarly to the SEER and other cancer registries, the MCR did not collect data on completion of radiation or endocrine therapy. We did not acquire information on geographical location for this study, which would have allowed us to compare outcomes among rural and urban residents and assess the effect of socioeconomic status. Due to the lack of information on comorbid conditions, we were unable to assess their impact on treatment received and outcomes.
In conclusion, this population-based study provides evidence that Black women had a significantly higher risk of developing IBTs after primary DCIS compared with White women in Missouri. The difference was not completely explained by age, health insurance, pathological characteristics, or treatment received. Black women were also significantly more likely to experience a delay in radiation therapy following BCS. This may indicate barriers to care for DCIS that disproportionately affect Black women in Missouri. The clinical relevance of the observed racial difference in timely initiation of radiation therapy should be addressed. Future studies of disparities in DCIS treatment and outcomes should identify differences in both treatment initiation and completion and other factors that may contribute to the persistent racial difference in IBTs.
